we have already reported that instant coffee powder (ICP) and ICP4oaded rat sera could suppress proliferation and invasion of rat ascites hepatoma cell line of AH109A in vitro. In this report, we examined the mechanisms for suppression of tumor cell prolifer ation and invasion by ICP, and the effect of ICP on in vivo tumor growth, metastasis and abnormal lipoprotein profiles in hepatoma-bearing rats. ICP, when directly added to the cuh ture media, induced cell cycle arrest (elongation of S phase) at a lower concentration (0.3 mg/mL) and apoptosis at a higher concentration (0.6-1.2mg/mL). ICP and ICP-loaded rat sera showed reactive oxygen species (OS)-scavenging property and canceled the enhance ment of invasive activity of hepatoma cells induced by OS in vitro. These results suggest that ICP suppresses the proliferation by inducing cell cycle arrest and apoptosis, and the invasion by scavenging ROS and that ICP could retain these properties after their gas trointestinal absorption. The hepatoma-bearing rats were fed with a 20% casein diet (20C) or 20C supplemented with 0.1% ICP for 14 d. Dietary ICP significantly reduced solid tumor growth and tended to reduce hepatoma metastases to lung and lymphatic nodes, suggesting that ICP could suppress tumor cell proliferation and invasion in vivo. In addition, dietary ICP significantly increased serum high density lipoprotein (HDL)-cholesterol and tended to reduce very low-density and low-density lipoprotein (ULDL+LDL)-cholesterol, resulting in amelioration of abnormal lipoprotein profiles occurred in hepatoma-bearing rats. In conclu sion, ICP has the ability to induce cell cycle arrest and apoptosis in hepatoma cells and to suppress tumor cell invasion by reducing oxidative stresses in vitro, and it could also exhibit these effects in vivo, leading to the inhibition of tumor growth and metastases.
Tumor cells are known to have two biological charac teristics, that is, endless proliferation and metastasis. Especially, tumor metastases often become fatal to the life of the host. To prevent these characteristics of tumor cells is thought to be an effective way to remedy tumors. Rat hepatoma cell line of AH109A, originally estab lished by Odashima and now maintained in the Cell Resource Center for Biomedical Research, Tohoku Uni versity, Sendai, Japan, are known to proliferate both in vitro and in vivo and form some metastasic foci in the lung when injected into the tail vein (1) (for detail, refer to www.idac.tohoku.ac.jp/dep/ccr/TKGdata/TKGvo100/ TKG0046.html). In addition, we have already reported that AH109A-bearing rats inevitably show cancerous cachexia (2) and have recently reported that AH109A could metastasize hematogenously and lymphatically to lung and lymphatic nodes when injected intrave nously (3) . We also have developed the in vitro and ex vivo assay system for screening anti-proliferative and/or anti-invasive food factors by using AH109A cells as a model tumor cell and have already reported that some food factors could inhibit the proliferation and/or inva sion both in vitro and ex vivo (4, 5) . In particular, cof fee, which is one of the most familiar beverages in the world, has been shown to have anti proliferative and anti-invasive activity (6) . In addition, sera from rats administered with coffee retained the ability to suppress the proliferation and invasion of hepatoma cells (6) . These results suggested that coffee contains anti-prolif erative and anti-invasive components. In fact, we have reported that caffeic acid, chlorogenic acid, and quinic acid, all of which are components of coffee, could sup press the invasion of AH109A cells (7) . At present, we have not found the components of coffee that could inhibit hepatoma cell proliferation. However, we have not clarified the precise mecha nism(s) for inhibition of hepatoma proliferation and invasion by coffee yet. In tumor cells, the regulation mechanism(s) of proliferation and death signals are not regulated properly, which lead to endless proliferation. Therefore, we examined the effect of coffee on cell cycle (proliferation signal) and spontaneous apoptosis (death signal), On the other hand, we have already reported that AH109A cells invade underneath the mesothelial cell monolayers via autocrine/paracrine action of hepa-* To whom correspondence should be addressed .
E-mail: yagasaki@cc.tuat.ac.jp tocyte growth factor (HGF), induced by endogenous and exogenous reactive oxygen species (ROS) (8) . Some coffee components reportedly have anti oxidative activ ities (9) . Thus, we checked the possibility that coffee suppressed tumor cell invasion through its anti-oxida tive property. In the present study, we found that coffee could suppress the proliferation of AH109A cells by inducing cell cycle arrest and apoptosis. Coffee also inhibited the invasion of AH109A cells by scavenging ROS, which augmented the invasive activity. In addi tion, these properties of ICP were retained after their gastrointestinal absorption, because ICP-loaded rat sera could efficiently scavenge ROS and significantly sup press the invasion of AH109A cells induced by OS.
In the meantime, anti-proliferative and anti-invasiveeee activities of coffee in vitro prompted us to investigate the in vivo effects of coffee on tumor cell growth and metastases. We also examined the in vivo effect of coffee on abnormal lipoprotein profiles, which inevitably occurred in hepatoma-bearing rats and is considered one of the symptoms of cancerous cachexia (2, 10) . Feeding a coffee-supplemented diet proved to signifi cantly reduce tumor size and weight in hepatoma-bear ing rats, simultaneously showing the tendency to sup press tumor metastases. Moreover, dietary ICP signifi cantly increased serum high-density lipoprotein(HDL) cholesterol, and tended to reduce very low-density and low-density lipoprotein(VLDL+LDL)-cholesterol, result ing in amelioration of abnormal lipoprotein profiles that occurred in hepatoma-bearing rats. These results indi cate the efficacy of coffee for the secondary prevention of tumors.
MATERIALS AND METHODS
Instant coffee powder (ICP), generously provided from Nestle Japan (Tokyo, Japan), was used throughout the experiments in this paper. Male Donryu rats were purchased from NRC Haruna (Gunma, Japan). They were fed a stock pellet diet (CE-2, CLEA Japan, Tokyo) and tap water ad libitum, unless otherwise described in the text. All procedures for animal experiments in this report were approved by the Animal Care and Use Com mittee of Tokyo Noko University. AH109A cells were obtained from the Cell Resource Center for Biomedical Research, Tohoku University, Sendai, Japan and main tained in the peritoneal cavity of Donryu rats as de scribed previously (4) . AH109A cells cultured in MEM (Nissui Pharmaceutical Co., Tokyo, Japan) containing 10% calf serum (JRH, Lenexa, KS, USA) (10% CS/MEM) for at least 2 wk after preparing from accumulated ascites were used for the following experiments.
The proliferative and invasive activities of AH109A cells were assessed as described previously (4, 5, 6) . Briefly, AH109A cells were seeded in the medium con taining indicated concentrations of ICP and cultured for 20h. The incorporation of [3H]-thymidine into TCA insoluble fraction was measured after another 4h incu bation. The proliferative activities were indicated as per cent of control cells cultured in the absence of ICP As for the invasive activities, AH109A cells were co-cul We have already reported that exogenously added ROS, which was generated by hypoxatine and xanthine oxiase, augmented the invasive activity of AH109A cells (12) . The effects of ICP and ICP-loaded rat sera on ROS-augmented invasive activity of AH109A cells and the ROS scavenging property of ICP and ICP-loaded rat sera in those AH109A cells were analyzed using the invasion assay system mentioned above and by flow cytometry using 2', 7'-diclorofluorescin diacetate (DCFH DA, Molecular Probes, Eugene, OR, USA) as a fluores cence indicator, respectively, as described previously (8) . ICP-loaded rat sera were prepared from blood collected 2h after oral intubation with ICP (12.5mg/0.5mL/ 100g body weight) to Donryu rats. Fig. 3A and 3C ) or by Student's t-test ( Fig. 4 and Table 1 ). P value less than 0.05 was considered statisti cally significant.
RESULTS

Induction of cell cycle arrest and apoptosis in AH109A cells by ICP
The growth rate of cells was determined by the bal ance of cell proliferation rate and death rate. To clarify the mechanism(s) for the inhibition of AH109A growth by ICP, we first examined the effect of ICP on cell cycles of AH109A cells. As shown in Fig, 1 , the fraction of cells in the S phase was found to increase at 12 or 24h after the addition of ICP (0.3mg/mL), when compared with 0h control cells. Relative decreases in the fractions of cells in the Gl phase and G2/M phase were observed. This result suggests that ICP induces cell cycle arrest in AH109A by elongating S phase. Next, we examined whether or not ICP induced apoptosis in AH109A cells. Phosphatidylserine (PS), which can specifically bind to Annexin V, is one of the phospholipids in the cell mem brane and exists predominantly in the inner leaflet of the cell membrane of normal cells. When apoptosis occurs, PS in the cell membrane immediately appears on the outer leaflet of the cell membrane. The cells which have their PS on their surface, therefore, are thought to be early apoptic cells. ICP, when directly added to the medium at the concentration of 0.6mg/ mL, increased the proportion of Annexin V-positive, PI negative cells ( Fig. 2A, 3h and 6h treatments, see quadrant 4). PI staining means the damage of cell membranes in these experiments, that is, necrosis. In addition, the higher concentration of ICP (1.2mg/mL) clearly induced DNA fragmentation in AH109A cells, which is the other hallmark of apoptosis (Fig. 2P) .
These results clearly suggest that ICP affects both cell proliferation and death, causing strong inhibition of the growth of AH109A cells. with ICP-supplemented diet was slower than that in control rats. From day 9 to day 14 after tumor implan tation, tumor sizes, indicated as the sum of long and short diameters of solid tumors, of the ICP group were significantly smaller than those of the control group. The incidence of solid tumors were not influenced by the feeding of ICP (data not shown). During the 14-d feeding period, food intakes and body weight gains between the control and ICP groups were not significantly different (Table 1) , There was no significant difference in absolute and relative weights of livers ( Table 1 ). As expected from Fig. 4 , final absolute hepatoma weight of ICP-fed rats was significantly lower than that of control rats (Table 1 ). These results suggest that ICP in the diet could show a suppressive effect on the in vivo growth of AH109A cells without any effect on the food intake and the body weight gain. Table 2 summarizes the result of AH109A cell metastases . Although three of eleven control rats exhibited some metastatic foci (six for three rats), none of the ICP-fed rats exhibited any metastatic foci. These results also suggest that ICP could show a suppressive effect on the in vivo invasion of AH109A cells, leading to suppres sion of metastasis.
While the serum concentration of total cholesterol tended to increase in ICP-fed rats compared to control rats, the concentration of HDL-cholesterol significantly increased and that of (VLDL+LDL)-cholesterol tended to decrease by feeding an ICP-supplemented diet , caus ing the decrease in atherogenic index (Table 1 ) . These results mean that dietary ICP could ameliorate abnor mal lipoprotein profiles that occurred in hepatoma Effect of Coffee on epatoa Growth and Metastasis 43 bearing rats. Dietary ICP had no effect on the concen trations of serum triglycerie and phospholipid (Table  1) . However, dietary ICP significantly decreased serum concentration of TPARS, suggesting that ICP also showed antioxidative activities in vivo. Dietary ICP had no effect on liver lipid contents (Table 1) .
DISCUSSION
In our previous paper (6) , we reported that ICP could suppress the proliferation and invasion of rat ascites hepatoma cells in culture and that sera prepared from ICP-loaded rats also retained the suppressive effects on their proliferation and invasion. This suggested that ICP contained anti-proliferative and anti-invasive compo nents and that these effective components could be absorbed from gastrointestinal tracts or that their metabolites showed anti-proliferative and anti invasive activities. However, the precise mechanisms for coffee's effects on proliferation and invasion remained un known. In this report, we have investigated these mech anisms in vitro.
First, we have clarified that ICP could induce cell cycle arrest in AH109A cells by elongating S phase and that ICP could induce apoptosis in AH109A cells. These results indicate that ICP suppressed the growth of hepatoma cells by affecting both their proliferation and death. Some compounds or stimuli were reported to induce cell cycle arrest by decreasing the rate of S phase progression (13, 14) . These effects seem to be attribut able to their inhibitory effects on DNA polymerase a. Some components in coffee, that could inhibit the activ ity of DNA polymerase a, might be involved in anti-pro liferative activity of coffee. At present, we have not iden tified the effective component(s) in coffee that could induce cell cycle arrest or apoptosis in AH109A cells. Mazzuca et al, reported that trigonelline induced cell cycle arrest in plant cells (15) . Jang et al. (16) and Jiang et al. (17) respectively reported that caffeine and chlo rogenic acid induced apoptosis in human tumor cell lines. However, we have already confirmed that these coffee components had no effect on the proliferation of AH109A cells (data not shown). To characterize the effective components in coffee on proliferation of AH109A cells is important and related studies are now in progress in our laboratory.
Tumor cell invasion is the most important and char acteristic step in tumor metastasis. In this report, we have clarified that the antioxidative property of coffee was deeply involved in its anti-invasive effect. We also have clarified that sera prepared from ICP-loaded rats show similar antioxidative properties and could cancel ROS-induced invasion of hepatoma cells. These results suggest that effective components in ICP could be absorbed from gastrointestinal tract and they or their metabolites retain the effectiveness in blood, although the possibility that orally administered-ICP induced antioxidative factors originated from the host could not be excluded.
Caffeic acid (18, 19) was reported to show anti-inva sive activities via its anti-inflammatory activity. How ever, we have already found that caffeic acid, chloro genic acid and quinic acid (7) and trigonelline (20) could show both anti-oxidative and anti-invasive effects on AH109A cells. These compounds proved to retain their effectiveness after oral intubation (20) . Although a possibility that some components in coffee inhibit tumor cell invasion by inhibiting some metastasis-relat ing molecules or enzymes cannot be excluded, our results indicate that the anti-invasive effect of coffee may be due to anti-oxidative properties of these compo nents.
Coffee itself or some coffee components, that is, caf feic acid or clorogenic acid, are reportedly known to prevent carcinogenesis in rodent models (21) (22) (23) . How ever, little is known about the effect of coffee on implanted tumor growth and their metastasis. In the present study, we have examined the effect of a coffee supplemented diet on solid tumor growth and their metastases. The results showed that tumor growth in rats fed with the ICP-supplemented diet decreased as compared with that in control rats. As mentioned above, ICP could suppress AH109A cell proliferation in vitro and ex vivo. These results also suggest that ICP and/or metabolites of ICP components can suppress tumor growth in vivo. Although we have not yet char acterized the effective components in ICP that inhibit AH109A cell proliferation, Miller et al. reported that feeding with the diet containing kahweol and cafestol, ingredients of coffee beans, prevents carcinogen induced tumor growth in hamsters (24) . The effects of these compounds should be investigated in the future. ICP also tended to suppress in vivo metastases of AH109A cells. ICP could show their anti-oxidative properties after oral intubation, because serum TPARS concentration was significantly lower in ICP-fed rats than that in control rats. These in vivo anti-oxidative properties would be involved in the inhibitory effect of ICP on metastases, by inhibiting the invasion of AH109A cells as mentioned above.
We have also found that ICP could ameliorate abnor mal lipoprotein profiles in hepatoma-bearing rats ( Table  1) . we have already reported that rats implanted with AH109A cells show the elevated (VLDL+LDL)-Ch level and decreased HDL-Ch level as compared to control rats (2, 25) . By feeding the ICP-supplemented diet, serum HDL-Ch concentration significantly increased, resulting in the decreased atherogenic index. Nicotinic acid was reported to increase serum HDL-Ch concentration (26) and ICP contained a significant amount of nicotinic acid (21-47mg/100g ICP powder), Thus, nicotinic acid would be one of effective components in ICP that increase HDL-Ch concentration, although possibilities of the involvement of other components cannot be excluded.
Coffee was epidemiologically known to prevent car cinogenesis (27, 28) . In this paper, we have found that coffee has the ability to prevent tumor growth and metastasis and have clarified their mode of actions. These results suggest that ICP would become the prom ising food for both primary and secondary prevention of tumors. Further studies are needed and will benefit for the creation of new functional foods based on the effect of coffee.
